Municipal energy companies have the potential to contribute to low-carbon transition in the UK but could also deliver a wider range of benefits, such as fuel poverty reduction and economic growth. There are myriad ways that municipalities could engage in energy provision; however, local authorities face challenges related to matching their motivations to appropriate business models which are exacerbated by unsupportive policy and regulation. More effective decision support tools are required, in addition to changes in policy and regulation, to exploit the potential social and environmental benefits offered by municipal energy companies. An interdisciplinary approach is needed to take this initial work forward to explore business models that match actor motivations and a more complex definition of value.
INTRODUCTION
In order to provide secure and affordable energy services and avoid dangerous climate change, the UK needs rapid, systemic transformation of its energy systems to decarbonise generation and reduce demand 1 . The prevalent mode of energy-system operation in the UK is based on large utility companies selling units of energy to customers. Profits are increased by selling more units and by making marginal efficiency savings. This disincentivises both the adoption of low carbon technologies and the necessary scale of demand reduction 2 .
Alternative modes of operation are emerging where infrastructure services are supplied by unconventional providers, motivated by goals other than profit. In this paper we focus in particular on the potential for municipalities to locally manage one part (or more) of the energy system. These 'municipal energy companies' could deliver a wider range of benefits, such as fuel poverty reduction and economic growth, as well as contributing to a low-carbon transition through acceleration of low-carbon technology roll-out and demand management. Despite their potential contribution to energy system transition, municipal energy companies face many constraints. These limit their growth in number and scale. Some of the most severe constraints originate from the economic regulatory system, which controls the UK's privatised energy system. This paper investigates the motivations that municipalities have, and the barriers they face, in setting up municipal energy companies. We start by examining the characteristics of the current energy system in section 2 then describe how municipalities might engage in this system in section 4. We discuss some of the barriers which municipalities face in section 5 and present recommendations to overcome these barriers in section 6.
ENERGY INFRASTRUCTURE IN THE UK
In the early 20 th century, energy was provided in the UK at a municipal level by a range of public and private actors, including municipalities 3 . Energy systems were small and localised, and evolved to serve specific users and locations 4 . The 1920s saw the start of a phase of standardisation and centralisation to improve economies of scale, including development of the national grid, and the UK energy system was nationalised in the late 1940s 5 . Energy remained within state hands until the late 1980s when the government of the time started a process of privatisation, motivated by the belief that state operation of infrastructure was inefficient. During the 1990s, generation and supply were separated and the retail markets were liberalised to enable competition for both electricity and gas. Despite this, both generation and supply are dominated by large international energy companies, who supply over 98% of electricity in the UK 6 . The transmission network, which transports power from generation to sub-stations, was also privatised but is operated as a regulated monopoly by National Grid. Generators pay a charge to use the transmission network. Electricity is transported from substations through regional distribution network to end-users by distribution network operators (DNOs). Suppliers pay a charge to DNOs for the use of the distribution system. This model has served the UK well by delivering operational efficiency, but has limited potential to address climate change and affordability
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. There is increasing evidence that a move towards decentralisation of the energy system, (both in terms of technology and governance) could result in National Infrastructure performance increases 1 . This opens the way for municipal engagement in the energy system. This has the potential to deliver benefits not only in sustainability and affordability but also to contribute to local economic growth and self-sufficiency.
The scope of potential local authority engagement is broad; and could include generating, distributing and/ or supplying energy. The benefits derived from engaging in these different aspects of the system vary, as do the capabilities and motivations of local authorities. It can be difficult to determine how local authorities might engage, and with which part of the system to achieve their motivations, which can be a significant deterrent to participation. Furthermore, the physical and institutional structures that mediate the energy system have evolved to favour incumbent operators and present significant barriers to entry by municipalities. These barriers are discussed in section 5 but first we discuss how and why municipalities might engage in the energy system.
METHODS
We draw on research conducted under several research projects 7 over the period from 2010 until present. In these projects over 30 interviews were conducted with stakeholders in a variety of roles across the energy systems in the UK, including local authorities, energy companies, central government and other public and private sector partners. Additional details of the methods and analysis conducted on this work can be found in associated publications 8, 9, 10 . In addition, the authors have participated in informal meetings with municipal stakeholders, providing an insight into See acknowledgements for details the decision-making process within local authorities by using the method of overt participant observation 11 . This method allowed for detailed information about practices within the local authority to be drawn out and has allowed the authors to gain insight into the practical challenges of delivering municipal energy.
MUNICIPAL ENERGY COMPANIES
There are myriad ways that municipalities could engage in energy provision, depending on the scope of their engagement and on their motivations for engagement. These dimensions of engagement are discussed in this section, with examples.
SCOPE OF MUNICIPAL ENERGY COMPANIES
There is potential for municipalities to engage with each or many parts of the energy system, including generation, distribution and supply and a real appetite to take more control of local energy provision 12 .
GENERATION
There a nascent movement of local authority-led energy generation projects which tend to generate energy to supply local authority properties 13, 14 . Although many local authorities have set up an Energy Services Company for the purpose of operating generation equipment, self-supply excludes the need for a separate 'supplier' and reduces governance complexity. Many of these projects use combined heat and power, which has significant potential to reduce local authority energy bills and contribute to carbon emissions reductions targets 15 .
DISTRIBUTION
There are few current examples where local authorities have developed network infrastructure or set up independent distribution operators. One of the exceptions is the Thameswey project initiated by Woking Borough Council, that developed a private-wire network between electricity generation and end-users as well as the examples of district heat networks in the UK 15 . However, there is a great deal more potential for local authorities to engage in distribution, in particular the implementation of smart grids to better balance supply and demand. This not only contributes to emissions reductions but could also offer significant benefits with regard to economic development 16 .
SUPPLY

Many local authorities have made initial ventures into supply by engaging with the Big Switch campaign
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, teaming up with Which? magazine to negotiate bulk discount for a group of customers willing to switch suppliers 18 . It is possible that local authorities could buy energy in bulk from the wholesale market and sell energy directly to customers in their locality and beyond, which would require them to comply with supply codes, and to apply for, and hold a supplier licence. The Greater London Authority is the first municipality in the UK to hold a licence to supply. It will initially buy surplus electricity produced by London's boroughs and public bodies before selling it on, at cost price to other public sector bodies. If successful the scheme may extend to include private sector energy producers in London. It is hoped that bulk buying in this way could reduce prices for residents and improve the viability of local energy projects 19 .
MOTIVATIONS AND BENEFITS OF MUNICIPAL ENERGY COMPANIES
The motivations of municipalities seeking to enter the energy market are diverse; table 1 presents a selection of motivations for engagement in municipal energy companies reported by local authorities 9, 12 . The motivations can be delivered by engagement with different parts of the system, as described in the examples given in the previous sections. For example, fuel poverty could be addressed by engagement in supply and controlling unit charges, reducing costs to customers. Conversely; emissions reductions motivations might be best achieved through engagement with low-carbon supply. Local authorities often report multiple motivations which can make it difficult to identify the most appropriate scope of engagement. Furthermore, motivations vary significantly between different authorities, which means that there is little standardisation and little opportunity to learn from predecessors. 
BARRIERS FACED IN SETTING UP MUNICIPAL ENERGY COMPANIES
In addition to challenges relating to marrying scope and motivations, municipal energy companies face a series of barriers during set-up and operation.
INTERNAL BARRIERS
Local authorities have not had a role in energy governance, beyond spatial planning, since the energy system was merged and nationalised in the 1940s. Furthermore, a cultural ethos of aversion to risk and revenue generation limits the willingness of local authorities to engage in infrastructure operation 20 . The institutional lock-in created by historic constraints on the role of local authorities limits many to traditional ways of operating and a risk-averse ethos persists 20 . Changes in financing and accounting practices could be slow in the face of this lock-in, limiting the number of local authorities willing to get involved 8 .
The development stages of projects take a great deal of resources, and in the face of reducing budgets for core activities, it is often difficult to find or justify this resource. It's not just the quantity of the resource but a lack of internal technical knowledge, which leads to a lack of confidence in decision making processes 8 . This is particularly important when identifying the scope of engagement most likely to deliver outcomes of importance to a particular local authority, which as discussed in section 3.2, can vary significantly.
EXTERNAL BARRIERS
The post-privatisation policy and regulatory system has evolved around, and favours, the mainstream mode of operation, which is profit-oriented, throughput-based and large-scale 21 . The scale and motivations of municipalities differ greatly from the mainstream, which means they face a series of constraints that limit their potential to contribute to energy service delivery. Our analysis has identified a series of crucial constraints to current activities and future developments.
The pro-market focus of regulation views markets and competition as the most effective way of meeting society's choices and considers that policy should foster markets as far as possible. However, this reinforces the narrow definition of value in purely economic terms, which overlooks the non-monetary benefits that end-users receive from more efficient and inclusive infrastructure operation, such as reduction in fuel poverty (which is barely affected by price control) and local employment.
Specific regulator instruments, such as Supplier Licencing constrain small providers. Although the motivation for licencing is justifiable, the licence terms are extremely onerous for small suppliers and act as a severe deterrent constraining the size of individual operations.
POTENTIAL RESPONSES TO BARRIERS
More appropriate support is needed to help local authorities identify how to match the scope of their engagement with their motivations. This might require decision support tools that enable local authorities to integrate social and environmental value into decision making processes as well as economic value.
A more integrated approach to policy is necessary, which respects the range of values and priorities of local authorities. This includes adapting funding and incentive criteria to encourage wider benefits, such as fuel poverty reduction. Social benefit generated by more local schemes must be captured and assessed on a more equal footing with financial benefit. A new approach to accounting and valuation in required which takes into account these non-monetary benefits as well as the benefits derived by future users, for example, by avoiding dangerous climate change.
Targeted support for municipal energy companies is necessary to reduce risk and uncertainty and drive innovation. Targeted support offers advantages over market mechanisms, particularly for initiatives at an early stage of development 22 . Support is particularly important during crucial stages of scaling up from a small experiment to a fully commercial business.
New approaches to regulation are required that realign the goals of economic regulators with wider goals of transitioning to a low-carbon energy system. Sustainability goals need to be equal to, or take precedence over, economic goals. This should be accompanied by simplification of supply licencing arrangements, including removal of the need for smaller operators to enter into agreement with large, incumbent operators.
CONCLUSIONS
It is clear that there are a number of diverse motivations for municipal actors in delivering energy and this diversity in motivations has the potential to deliver a wider range of benefits than the incumbent energy providers. However, these motivations need to be matched to appropriate scope of engagement in energy provision. The capabilities of local authority actors and current energy policy and regulation can present significant barriers to identifying and implementing appropriate business models for municipal energy companies. More effective decision support tools are required, in addition to changes in policy and regulation, to exploit the potential social and environmental benefits offered by municipal energy companies, which are not currently captured with standard economic models.
